W e recently reported proton transfer of guanine (G) radical cation (G
•+ ) formed by one-electron oxidation using transient absorption and time-resolved resonance Raman (TR 3 ) spectroscopies combined with pulse radiolysis. 1 In our previous study, we suggested that the neutral radical of G (G
•
(−H + )), generated by the deprotonation of G radical cation (G •+ ), is rapidly converted to a new G radical species, (G •+ )′, formed from the protonation at the N7. On one hand, the Raman spectrum of (G . On the basis of their results of density functional theory (DFT) calculations, all G radical species have a CO double bond character and the unpaired electron is fully delocalized. Consequently, they concluded that our interpretation for the localization of the unpaired electron at O6 and the reprotonation at N7 is in error.
To reproduce the experimental Raman vibrational frequencies and intensities, we already calculated the minimum energy structures and Raman spectra for G and G radical species using DFT. B3LYP/6-311++G(d,p) and B3LYP/6-31G(d) are used for calculating the Raman spectrum for G, G
For radical cations, we used unrestricted molecular orbitals. In this case, the ⟨S 2 ⟩ value was kept at around 0.76. We also considered the solvation effect with a polarized continuum model using an integral equation formalism (IEF-PCM). Thus, the dielectric solvation field of water was applied on the target molecule for the geometry optimization as well as for the vibration frequency calculations. Two Na + were added for balancing the total charge instead of putting two protons on the phosphate. In the case of G, the positions and relative intensities of the calculated Raman peaks were well-matched with experimental results except for the relative intensity of the Pyr ring mode localized at N3 at 1177 cm −1 and the CO stretching frequency at >1650 cm −1 (Figure 1) . The difference between the experimental and calculated CO stretching frequencies at >1650 cm −1 was larger than that in other peaks. Using a larger basis set made the CO frequency shift down, which resulted in better agreement with our experimental result. However, both basis sets failed to give a larger intensity of the Pyr ring mode localized at N3 at 1177 cm
On the other hand, the Raman bands measured for (G •+ )′ were slightly up-shifted relative to those of G except for the CO stretching, which was followed by the appearance of a new Raman band at 1266 cm −1 ( Figure 2 ). As shown in Figure  2 , no calculated Raman spectra for G ). This experimental result means that the formation of G radical species resulted in a decrease in the C6O bonding order.
To reproduce the experimental TR 3 spectrum around 1600 cm −1 using DFT calculations, a smaller scaling factor, 0.94, has to be applied to the calculated Raman spectra. The application of a smaller scaling factor leads to a wrong interpretation that the Raman band at 1587 cm −1 must be interpreted as C6O stretching down-shifted upon oxidation of G. Generally, it is well-known that the down-shift of the Raman band comes from the decrease in the bonding order. However, as mentioned above, the decrease in the CO bonding order results in the CO stretching at ∼1250 and ∼1510 cm , the Raman band at 1587 cm −1 is probably due to the Pyr ring mode which was contributed largely from the motion of N3. In addition, the Raman band at 1516 cm −1 is attributed to the Pyr ring CN stretching coupled with C8H deformation but not a partial ···  C O double bond stretching. Consequently, we assigned the Raman band at 1266 cm −1 to a CO single bond due to an unpaired electron localized on the oxygen (O6) of the Pyr ring, although we did not give direct evidence for the origin of the Raman band at 1266 cm . 6 These previous studies for Raman CO stretching modes with a single bond character support our interpretation that the Raman band at 1266 cm −1 is due to a CO single bond stretching due to an unpaired electron localized on the oxygen (O6) of the Pyr ring.
In addition, Sevilla et al. showed that, using the DFT calculation, the unpaired electron is fully delocalized as is typical for π-radicals. The DFT calculation is a very useful method to predict a variety of molecular properties, such as molecular structures, vibrational frequencies, ionization energies, electric and magnetic properties, reaction paths, etc., in the ground state. However, as mentioned above, there are still difficulties in using the DFT calculation to reproduce a molecular structure and Raman vibrational frequencies and intensities of transient radical species. To reproduce resonance Raman spectra, the effect of resonance should be considered, although inclusion of this effect is quite difficult. As mentioned above, the comparison of the experimental and theoretical Raman spectrum for G radical species shows a significant discrepancy. Thus, we tentatively interpreted the molecular structure of G radical species based on our experimental results and suggest that the unpaired electron in G radical species is localized on the oxygen of the Pyr ring, which results in the C− O stretching mode at 1266 cm −1 . Finally, Sevilla et al. suggested that the protonation of G
• (−H + ) thermodynamically takes place at N1, but not N7. Our DFT calculations showed that G
•+ is favored by 11.7 kcal/ mol over (G •+ )′, which is consistent with the calculation result by Sevilla et al. In addition, our DFT calculations also revealed that G
•+ is more stable than G • (−H + ). These DFT calculations indicate that only the G
•+ can exist under experimental conditions. However, the structure of G • (−H + ) has been detected by many research groups.
7−10 Unfortunately, this discrepancy means that our DFT calculation cannot accurately predict the structure and energy of G radical species.
It is known that the pK a of N1 in G •+ was experimentally determined to be 3.9.
7 However, the plot of the rate constant against the pH value demonstrates that the pK a for the protonation of G
• (−H + ) may be higher than 6.0. This experimental result clearly indicates that the protonation of N1 can be ruled out. Furthermore, our experimental result (transient absorption spectral change) demonstrates that the deprotonation at N1 of G
•+ rapidly occurs within 30 ns (3.3 × ), the pK a of 3.9 of N1, and the pH value of solutions (pH ∼ 7), the protonation rate constant k p at N1 can be estimated to be about ≥2.6 × 10 4 s −1 under our experimental conditions. The small value for k p implies that the reprotonation at N1 takes place in the time range of microseconds. From this point of view, in G ). 12 Giese and McNaughton also suggested that N7, and not N3, is the preferred protonation site in both aqueous solution and solid states. Steenken suggested that G
•+ in neutral solutions is in equilibrium with (G •+ )′ (see Scheme II in ref 8). Tomasz et al. proposed that the isotope exchange at the C8 site of the imidazole (Im) ring requires the protonation at N7 as a first step at various pH values at 37°C, 13 meaning that the N7 of the Im ring can be easily protonated under physiological conditions. Therefore, we suggest that the fast dynamics observed in the transient absorption measurement is due to the protonation at N7 of G
• (−H + ). In summary, we are responding to the comment of Sevilla et al., which challenged the structure of G radical species and the reprotonation site of G
• (−H + ). During the review process of our previous study, we already considered the structure of G radical species and the reprotonation site of G
• (−H + ) using DFT calculations and then carefully compared the experimental and theoretical results. As shown in Figures 1 and 2 , DFT calculations failed to reproduce the experimental Raman vibrational frequencies and intensities for G and G radical species. Calculations by Sevilla et al. also did not provide reasonable explanations for present Raman spectra. Thus, the The Journal of Physical Chemistry B Comment improvement of MO theory by inclusion of the resonance effect is essential. Now, we are investigating this point. Moreover, we did not obtain the experimental evidence for the protonation at N1 of G • (−H + ). Thus, we suggested the reprotonation at N7 of G
• (−H + ) and the localization of the unpaired electron at O6 in G radical species. To confirm the structures of G radical species and C−O bond character, we will measure the TR 3 spectrum of 18 O isotope-substituted guanine in the near future. On the other hand, in our original paper, we suggested that the (G •+ )′ may act as a precursor for the formation of 8-oxoguanine radical (8-oxo-G
• ) by OH addition in aqueous solutions, which suggests the existence of 8-oxo-G
• . We will investigate the formation of 8-oxo-G
• using 18 O isotopesubstituted water.
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